A lthough a large amount of data are available on the prevalence of silent brain infarcts (SBIs) in the general population and of their role as independent predictors for future stroke and dementia, still further studies are needed to determine their frequency in various populations, particularly those at high risk. This information may be potentially useful to design further studies for prevention of stroke and dementia.
A lthough a large amount of data are available on the prevalence of silent brain infarcts (SBIs) in the general population and of their role as independent predictors for future stroke and dementia, still further studies are needed to determine their frequency in various populations, particularly those at high risk. This information may be potentially useful to design further studies for prevention of stroke and dementia. 1 Besides age, hypertension is the risk factor most consistently associated with SBIs. Remarkably, in most of these studies, the diagnosis of hypertension was based on self report from participants or on single measurements of blood pressure (BP). Also, some studies have been conducted specifically in selected groups of essential hypertensives and described a wide SBIs prevalence ranging from 20% to 86%. Several factors may be related to this large variation in prevalence. Among all studies, nearly half of them included few participants, and from those with larger sample size (Table 1) , [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] it should be noted that patients with hypertension were mainly selected among those who attended specialized units (cardiology, internal medicine, kidney departments, etc) at hospitals and were probably more representative of newly diagnosed or more severe or resistant forms of hypertension than average.
Moreover, the vast majority of studies have been conducted in Asian cohorts, which indeed differ from western countries about their distribution of vascular risk factors and stroke incidence. 18 A few studies have been conducted in European countries, such as those from 1 group in The Netherlands which described prevalences of SBIs ranging from 22% to 29%. 4, 5, 19 Because some of them included ambulatory BP monitoring, only patients in whom treatment could be removed before monitoring were enrolled.
Even less information is available for lower cardiovascular and stroke risk populations, such as those living at Mediterranean areas. 20 To our knowledge, 1 group from Italy 16 reported a prevalence of asymptomatic brain damage in 54.9% hypertensive individuals. However, they included not only lacunes and territorial
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lesions but also other punctate lesions (>5 mm) that might not be infarcts in all cases. Also in Spain, Sierra et al 21 performed a study in middle-aged hypertensives, in which they found that white matter lesions (also manifestations of subclinical brain damage) were a common finding (40.9%). However, lesions appearing as lacunar infarcts were not assessed in their study.
The differentiation of SBIs from other similar lesions, such as enlarged perivascular spaces, has been done poorly in the past, 22 and more efforts are needed to overcome the lack of consistency and advance in this field. 23 With all that in mind, we aimed to determine the prevalence of SBIs in a large cohort of randomly selected hypertensives in a Mediterranean population and to study their associated risk factors.
Methods

Subjects Selection
Investigating Silent Strokes in Hypertensives: a Magnetic Resonance Imaging Study (ISSYS) is an observational, cross-sectional, and longitudinal study aimed to determine the prevalence of SBIs and their relationship with future stroke and dementia in a large cohort of Mediterranean hypertensives. 24 Briefly, this study has been carried out in patients aged 50 to 70 years and diagnosed of essential hypertension who are routinely attended by general practitioners in our health area.
Participants were randomly selected after stratification by age and sex among 27 000 potentially eligible subjects living in the district of the north metropolitan area of Barcelona. They were invited by phone to participate and a visit was then scheduled where fulfillment of inclusion and exclusion criteria was assessed by trained investigators. Inclusion criteria consisted of (1) patients with essential hypertension diagnosed ≥1 year earlier; (2) age comprised between 50 and 70 years, and (3) patients who gave their informed consent to participate. Patients were excluded when (1) they had history of previous clinical stroke or dementia, (2) brain magnetic resonance imaging (MRI) was contraindicated, (3) there was a suspicion of white coat hypertension syndrome, or (4) patients were affected by a terminal illness preventing any future follow-up examination, based on the investigator criteria.
To rule out the presence of a previous stroke, medical records were reviewed and the patient was interviewed following an adaptation of the Stroke Symptom Questionnaire. 25 Also, when dementia was suspected, following Diagnostic and Statistical Manual of Mental Disorders, fourth edition, revised (DSM-IV-R) criteria, the patient was not included in the study and a proper evaluation in the presence of a caregiver was recommended. 26 Enrollment visits were conducted between November 2010 and May 2012. Among 1037 participants who were initially enrolled in this study, 94.1% (n=976) completed all baseline procedures, including a brain MRI scan. The remaining participants were excluded as a result of claustrophobia (n=17), presence of a cranial metallic artifact (n=8), consent withdrawal (n=33), and lost to follow-up before MRI was performed (n=3). Excluded patients were more often men, overweighted, and diabetic than those who were finally included.
Clinical Data Collection and Physical Examination
The study protocol was approved by the Ethics Committee of Vall d'Hebron Hospital and IDIAP Jordi Gol (University Research Institute in Primary Care).
Assessment of all covariates was done by interviewing participants and reviewing medical records. Hypertension was defined as systolic BP ≥140 mm Hg, diastolic BP ≥90 mm Hg, or use of antihypertensive medication. We obtained data on demographical characteristics and personal medical history, including duration of hypertension and presence of other vascular risk factors, such as smoking habit, alcohol abuse, dyslipidemia, and diabetes mellitus. The presence of a previous cardiovascular, kidney, or systemic disease was also assessed. For those participants without previous vascular disease, global vascular risk was estimated applying the Framingham-calibrated Registre Gironí del Cor (REGICOR) function, and participants were divided into the following categories depending on their 10-year estimated risk of having a coronary event: low risk (<5%), moderate risk (5%-9.9%), high risk (10%-14.9%), and very high risk (≥15%). 20 Data concerning office and home BP, BP control (optimal/ poor), and antihypertensive treatment were collected, and treatment compliance was assessed with the Moriski questionnaire. 27 Also weight, height, and waist circumference were measured, and abdominal obesity was recorded. 28 Office BP was measured with an oscillometric device (Omron M6 Comfort), and the mean of the last 2 of 3 determinations after 5-minute rest was recorded. 29 and heart rhythm disorders. Regarding kidney function, a single-spot urine sample was collected and sent to central laboratory for albumin-to-creatinine ratio determination. Microalbuminuria was determined as >21 mg/g in men and >30 in women. 28 Moreover, GFR was estimated with the Modified Diet in Renal Disease-Isotope Dilution Mass Spectrometry formula. 30 Impaired renal function was considered whenever values were below 60 mL/min per 1.73 m 2 .
Neuroimaging Protocol
A brain MRI was performed within the next month after study entry. Data acquisition details have been published elsewhere. 24 SBIs were defined as in previous studies as lesions of ≥3 mm of diameter in their widest dimension, with cerebrospinal-like fluid signal characteristics in all pulse sequences, and the presence of an hyperintense rim surrounding the lesion in fluid attenuation inversion recovery sequence was also required. 22 All MRIs were assessed by 2 neuroradiologists and an experienced stroke neurologist, and disagreements were solved by consensus. Intrarater agreement was calculated for each reader in a training set before undertaking the present reading, ranging from 0.60 to 0.75. The main source of disagreements came from the differentiation of SBIs from enlarged perivascular spaces; therefore, lesions located in areas with high prevalence of enlarged perivascular spaces, such as the lower part of basal ganglia, were not considered as infarcts.
Statistical Methods
Sample size calculation representative for our population concerning prevalence of SBIs was estimated using data from population-based studies published before, which reported specific data on SBIs prevalence in participants aged 50 to 70 years old. 24 According to them, the expected prevalence should be ≈10%. Therefore, after applying the Ene 3.0 free software (GlaxoSmithKline S.A., Spain; http://sct. uab.cat/estadistica/es), with a confidence interval of 95% and an accuracy of 2%, sample size should be of ≥865 individuals, which was increased to 1000 individuals by taking into account possible losses. 
Results
Baseline Demographical and Clinical Characteristics
Nine hundred seventy-six patients were included in this study. Demographical characteristics and cardiovascular risk profile are shown in Table 2 . Median age was 64 years, and 49.4% of the sample were men. Besides hypertension, most of the participants had dyslipidemia (71.7%) and 23.5% were diabetic. Overall, 120 (12.3%) had already a history of an established cardiovascular disease. From those free of vascular disease at baseline, total cardiovascular risk was estimated by means of the REGICOR risk charts; the majority of the participants belonged to the moderate or high risk categories (median=6 [4] [5] [6] [7] [8] [9] ).
Regarding BP, mean systolic and diastolic BP were 141.5 and 77.5 mm Hg, respectively. All patients had been recommended to follow lifestyle recommendations to control their BP, and also the vast majority (95.4%) were taking antihypertensive drugs at the time of the study entry (40.2% monotherapy, 37.2% were on 2 drugs, 18% on ≥3 drugs). Only 54% of participants self-reported correct treatment compliance. Most of the patients had a single lesion (69%), whereas 31% presented multiple lesions (ranging 2-11), accounting for a total number of 163 infarcts. The majority of lesions were located in the basal ganglia (35.6%) or subcortical white matter (28.8%), followed by the cerebellum (16%), brain stem (11%), and cortex (8.6%). As expected, increasing age was related to the presence of SBIs but also sex differences were found. Prevalence of SBIs was gradually increased for both sexes with age, but they were more often in men than in women at any age category. However, men and women differed in the frequency of many baseline characteristics as shown in Table S1 (online-only Data Supplement).
Other baseline differences in SBI presence about vascular risk factors, total cardiovascular risk, or BP levels are shown in Table 2 .
Finally, because subclinical organ damage may affect prognosis in hypertensives, we evaluated the kidney function by means of urine albumin-to-creatinine ratio and estimated GFR. After exclusion of 10 participants who showed serum creatinine levels (>132.6 μmol/L in men and 114.9 μmol/L in women) or proteinuria (urine albumin-to-creatinine ratio ≥300 mg/g at least once) suggestive of overt nephropathy, 13.7% presented microalbuminuria, 7.8% had low estimated GFR, and in 1.1% of participants both alterations were present. Also, left ventricular hypertrophy was detected as signature of hypertensive heart damage in 9.1% of the cohort.
Looking into how these markers of TOD were interrelated, we found that microalbuminuria was associated with the presence of SBIs (27.2% in those with microalbuminuria versus 12.2% in those without it, P<0.001), whereas finding a decreased GFR or left ventricular hypertrophy presence was not (P=0.25 and P=0.22, respectively).
In Table 3 , we present results from the multivariate analyses. Increasing age, male sex, and microalbuminuria (model 1) were all independently associated with SBIs. Moreover, because current guidelines support that diagnosis and management of hypertension should be related to quantification of global (or total) cardiovascular risk, we included in the analysis the Framingham-calibrated REGICOR score (model 2) and found that it was also predictor of SBIs, in addition to microalbuminuria. A graded response was found between REGICOR risk categories and SBI, with the strongest associations corresponding to those at high or very high-risk categories.
It should be noted that despite the fact that microalbuminuria was independently associated with SBIs in both models, in our sample, still 66% of the participants with SBIs had no renal or heart involvement.
Discussion
Here, we described the prevalence of SBIs in a large Mediterranean cohort of middle-and old-aged hypertensives. SBIs were found in 10.1% of participants, a prevalence that is similar to other population-based studies but lower than that reported in hypertensive cohorts. Although this might be surprising, several differences should be noted between ours and previous studies in hypertensives, apart from ethnicity, as mentioned before. First, our population was younger and the majority of our participants was long-term (median 8.6 years since diagnosis) and treated hypertensives with office BP levels that were lower as compared with previous studies selecting hypertensives (Table 1) . [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Most importantly, the selection of participants was performed randomly from a primary care setting. The cohort was routinely treated and monitored by general practitioners, avoiding the bias that might be caused by selection in more specialized contexts, such as hospital units. Moreover, our sample size was estimated taking into account previous studies on this matter in general populations, and to date, it is almost twice larger than that of previous studies in a purely hypertensive cohort.
We found that SBIs were strongly associated with age, as it has been shown consistently before, and much more frequent in hypertensive men than women. This is also remarkable, taking into account that stroke is the leading cause of death for women in our country. Other population-based studies, such as the Rotterdam Scan Study 31 and the Cardiovascular Health Study, 32 found opposite results, with more SBIs in women than in men, although their participants were older than ours. In opposition, our results agree with those from the Northern Manhattan Study, a multiethnic community-based cohort. 33 It is well known that women have lower BP levels across the lifespan than their age-matched counterparts. However, hypertension becomes increasingly prevalent in postmenopausal women. 34 We randomized participants taking into both sex and age, but still several differences were found in the distribution of vascular risk factors, with women displaying less global vascular risk and comorbidities than men in our cohort. These differences might explain the lower prevalence of SBIs in women. It is also possible that because we did not perform ambulatory BP monitoring to select participants, some of them might have indeed a white coat effect. This condition is associated with an intermediate risk of cardiovascular events between those with sustained hypertension and normotensive individuals, and it is described to be particularly frequent in women. 35 However, we excluded participants with suspected white coat hypertension, and the vast majority of them had been treated for a long time before inclusion, thus making this possibility less likely.
Our results, therefore, emphasize the need to uncover sex differences to better understand pathological processes associated with aging and stroke and to personalize preventive health care.
We also found an independent association between microalbuminuria and SBIs. This is important because these results extend previous knowledge on the role of microalbuminuria as predictive marker of cardiovascular events and stroke risk. 36 Less is known on how microalbuminuria is interrelated to other subclinical TOD, such as that present in the brain. Specifically, this was reported in hypertensives by Henskens et al 5 in a cohort of 192 young untreated hypertensives, in whom different TOD markers were evaluated, including microalbuminuria. Interestingly, although the proportion of subjects with damage in heart, kidney, brain, or any combination of them was higher in that study than in our population, half of the patients with brain damage (including SBIs but also other lesions such as white matter hyperintensities or microbleeds) did not present cardiorenal damage and were classified as having no-target organ involvement. Likewise, in our study, in almost 66% of those with SBIs, these lesions did not coexist with heart or kidney involvement, which are the organs routinely screened to assess risk in hypertension. Although both Henskens et al 5 and our results suggest that screening for SBI might improve risk stratification in hypertensives, longitudinal studies with stroke (and possibly other vascular events) as outcomes are needed to determine their predictive value.
Microalbuminuria is generally interpreted as an early sign of kidney disease or as a marker of endothelial dysfunction. 37 As kidney and brain display common hemodynamic properties such as low vascular resistance, as compared with other vascular beds, they might be unprotected against increased pulsatile stress occurring with aging and hypertension. 38 This could lead to endothelial damage and progress toward both the appearance of microalbuminuria and brain infarcts, even in the absence of an impaired kidney function. However, to properly address the occurrence of these events over time, prospective studies are needed.
Finally, we found that total cardiovascular risk is not only associated with the odds of symptomatic future vascular events but also related to the presence of subclinical brain disease. These results are in agreement with those reported in the Framingham Offspring cohort study, 39 but as original Framingham function scores overestimate risk in low-risk countries such as Spain, 20 we used a validated and easy-to-use tool (REGICOR) that is already extensively used by general practitioners in our area. In our study, total cardiovascular risk predicted the presence of SBIs better than any risk factor taken separately, highlighting the importance of treating patients preferably according to their estimated global cardiovascular risk, rather than based on the presence of any individual risk factor.
Strengths and Limitations
This study has some strengths and some limitations. As strengths, this is a large study, representative for a population of middle-aged hypertensives living in a low cardiovascular risk country in the Mediterranean area.
Moreover, inclusion procedures required careful review of medical records and interview with the participants to remove nonessential hypertension and rule out participants with previous stroke or dementia. We also have some limitations. Lack of ambulatory BP monitoring for selecting participants might have led to increased frequency of white coat hypertension effect. Urine albumin-to-creatinine ratio was measured in this study with a single-spot urine sample. In clinical practice, it is recommended to confirm this observation with multiple testing, to avoid falsepositive results attributable to variability of the measurement. Also hypertensive heart damage could be determined with higher accuracy with the use of echocardiography or other imaging techniques.
Perspectives
This study characterizes the prevalence and risk factors of SBIs in a large hypertensive cohort, from a low cardiovascular risk country in the Mediterranean area. Other markers of TOD, such as microalbuminuria, or total cardiovascular risk are independently associated with silent brain vascular disease and might be useful to screen those at high risk of future stroke and dementia, while taking into account sex differences in the design of preventive strategies.
